During the summer of 1981, 3,887 sucrose-negative vibrios were isolated from seawater, sediment, plankton, and animal samples taken from 80 sites from Miami, Fla., to Portland, Maine. Of these, 4.2% were able to ferment lactose. The lactose-positive strains isolated from the various samples correlated positively with pH and turbidity of the water, vibrios in the sediment and oysters, and total bacterial counts in oysters. Negative correlations were obtained for water salinity. Numerical taxonomy was performed on 95 of the lactose-fermenting environmental isolates and 23 reference strains. Five clusters resulted, with the major cluster containing 33 of the environmental isolates and all of the Vibrio vulnificus reference strains. The 33 isolates, which produced an acid reaction in lactose broth within hours of initial inoculation, represented 20% of all lactose-fermenting vibrios studied. These isolates were nearly identical phenotypically to clinical strains of V. vulnificus studied by the Centers for Disease Control, Atlanta, Ga., and by our laboratory, and their identification was confirmed by DNA-DNA hybridization studies. V. vulnificus was isolated from all sample types and from Miami to Cape Cod, Mass., and comparison of the environmental parameters of the eight subsites yielding this species with those of all 80 subsites revealed no significant differences. The majority of the isolates were obtained from animals, with clams providing most (84%) of these. On injection into mice, 82% of the V. vulnificus isolates resulted in death. Members of the remaining four clusters contained strains which differed from V. vulnificus in such phenotypic traits as luminescence and in urease or H2S production. None of the other reference cultures, including nine other Vibrio species, were contained in the remaining clusters, and these isolates could not be identified. Most of these were also lethal for mice. Phenotypic differences, potential pathogenicity, and geographic distribution of the five clusters were examined. It is concluded that V. vulnificus is a ubiquitous organism, both geographically and in a variety of environmental sources, although it occurs in relatively low numbers. The public health significance of this organism and of the other unidentified lactose-fermenting Vibrio species is discussed.
. We have examined 3,887 sucrose-negative marine vibrios isolated from several environments along the entire East Coast of the United States, and we report here on the distribution and ecology of Vibrio vulnificus and other lactose-positive, sucrose-negative vibrios from these sites.
MATERIALS AND METHODS Sampling protocol. A total of 17 major sites (Table 1) along the U.S. East Coast from Miami, Fla., to Portland, Maine were sampled during the summer months (May through August) of 1981. At each site, 2 to 10 subsites, representing distinct sampling locations, were studied for a total of 80 subsites (a detailed description of the subsites is available from J.D.O.). At each subsite, water was tested for the following parameters: temperature, dissolved oxygen, salinity, pH, nitrate, phosphate, turbidity, fecal coliforms, total bacteria, and total vibrios. In addition to the water samples taken at each subsite, sediment, plankton, and animal samples were taken, homogenized in an artificial seawater solution, and plated onto a marine medium (MSWYE; 19) for total bacteria and onto thiosulfate-citrate-bile salts-sucrose agar (TCBS; BBL Microbiology Systems) for total vibrios. Methods employed for obtaining the various samples and examining the different parameters have been published (18) . Through the use of a self-contained mobile microbiology laboratory, bacteriological analysis of all sample types (water, plankton, animal, and sediment) was performed within minutes of collection. All initial isolation plates were incubated at room temperature (ca. 21 to 27°C) for 16 to 18 h. From TCBS plates, all sucrose-negative colonies were picked, inoculated into phenol red lactose broth (Difco Laboratories; made to 1% NaCl [wt/vol]), and incubated at 37°C. Tubes were monitored at frequent intervals, and lactose-fermenting isolates were transferred onto MSWYE slants. On returning to our laboratory, isolates were then restreaked onto TCBS to ensure purity, and the fermentation of lactose was confirmed. Strains not giving K/A reaction (6) on TSI medium were discarded, and 47 phenotypic traits of the remaining 95 isolates, as well as 23 reference strains (see Table 9 ), were determined. Taxonomic methodology was as previously described (18) , except that penicillin and colistin sensitivities were determined by the disk diffusion method with Mueller-Hinton agar (Difco) made up with three-salts (19) . Sensitivity to pteridine 0/129 was determined by placing crystals of the antibiotic directly onto the medium surface. Test results were encoded for numerical taxonomic analysis with the Jaccard coefficient and single-linkage clustering and were computed at our laboratory with the program TAXAN 6, developed by R. Colwell, Department of Microbiology, University of Maryland at College Park.
Mouse lethality. All environmental isolates were grown in standing culture for approximately 18 h in brain heart infusion broth (BBL) at 37°C. Intraperitoneal injections (0.5 ml, 108 to 109 cells per ml) were made in 6-to 8-week-old ICR mice. All reference cultures were similarly tested for lethality. RESULTS Occurrence and distribution of lactose-fermenting vibrios. Little difference was observed for the various physical, chemical, or microbiological parameters monitored at the 80 subsites (Table 2) . Vibrios comprised a high percentage (26 to 40%) of the total bacterial populations of all sample types. A large percentage (40 to 69%) of the vibrios did not ferment the sucrose present in TCBS agar. These isolates (n, 3,887) were picked and tested for their ability to ferment lactose. Of the 3,887 sucrose-negative vibrios, 163, or 4.2%, were able to ferment lactose, as indicated by acid production in phenol red lactose broth. The percentage of the sucrose-negative vibrios which were able to ferment lactose varied from 1.6 to 9.7%, depending on the type of sample ( (Table 3) . Lactose-fermenting vibrio isolates correlated positively with pH of the water, total vibrios in the sediments and oysters, and the total viable counts and percentages of sucrose-negative vibrios associated with oysters (Table 3) . Negative correlations were observed between salinity of the water column and the incidence of lactose fermenters. V. vulnificus (identified as described below) was isolated in low numbers (n, 33) throughout the eastern seaboard ( Numerical taxonomy performed on the isolates resulted in five major clusters (defined as groups containing five or more isolates) comprising 70 of the environmental strains (Fig. 1) . Clusters IV and V contained isolates from several subsites of a single site (Cape Hatteras, N.C.), whereas members of the remaining three clusters were not regional ( Table 4) . None of the isolates, except for members of cluster III, grouped with any of the 23 reference strains. (A sixth grouping, identified on Fig. 1 as Vc + Vm, was comprised only of the four reference strains of Vibrio cholerae and Vibrio mimicus.) (See Table 6 for phenotypic traits of the five clusters.)
Cluster I was comprised of 13 isolates, obtained from Savannah, Ga., to New York City, isolated from all sample types (four water, four sediment, three plankton, and two from animals; Table 4 ). Phenotypically, this cluster consisted of H2S-producing strains and was one of two groups containing isolates which were bioluminescent (Table 6 - (9) - ( Members of cluster IV were all collected from the Cape Hatteras, N.C., area. Of these isolates, 11 were obtained from animals, and the remaining 2 were from sediments (Table 4) . Phenotypically, these isolates differed significantly from V. vulnificus in their production of urease, in the general lack of extracellular enzymes, and in their pattern of antibiotic sensitivity (Table 6 ).
Several members produced H2S in TSI medium. Lethality studies showed that only 15.4% were lethal for mice.
Cluster V contained five members which were isolated from waters from Cape Hatteras, N.C. This cluster could be characterized by the production of H2S by all members and of urease by three of the five. In addition, most of the isolates were observed to be luminescent. Cluster V was, therefore, phenotypically similar to cluster I. None of the strains was lethal for mice.
Of the 25 lactose-fermenting isolates which did not form clusters, 16 (64%) were also lethal for mice (Table 7) . DISCUSSION Distribution of V. vulnficus. In this study of 80 coastal sites from Miami, Fla., to Portland, Maine (Table 1) , an average count (on the marine medium MSWYE) of 4.7 x 103 bacteria per ml of seawater was obtained (Table 2) . Total bacteria in the water column were seen to correlate with two of the pollution indicators monitored, nitrates and fecal coliforms (Table 3) . Whereas the number of bacteria associated with plankton increased as the total population in the water column increased, a negative correlation with salinity was observed (Table 3 ). This result is in accord with the study reported by Kaneko and Colwell (9) on bacteria-plankton associations in Chesapeake Bay. The validity and effectiveness of the methods used for monitoring the various environmental parameters and studying their correlations is indicated by the correlations observed with fecal coliforms in the water column ( Table 3) . As would be expected, positive correlations were obtained for the presence of fecal coliforms and four water pollution indicators, namely, turbidity, nitrates, phosphates, and total bacteria. Also as would be expected, negative correlations were seen between numbers of fecal coliforms and the salinity and dissolved oxygen of the water column. A significant portion (26 to 30%) of the total bacterial population were Vibrio spp. (defined as cells giving rise to colonies on TCBS medium on overnight incubation). Although our taxonomic studies have indicated relatively few nonvibrios growing on TCBS, we recognize the likelihood of such bacteria appearing on this medium. The actual number of vibrios present in the water column may, therefore, be less than that reported here. Our observations, however, are consistent with previous studies (8, for example) which have shown vibrios to make up a high percentage of the aquatic bacterial population, especially in summer. Several correlations were also observed with total vibrios from the various samples (Table 3) . Of note were those of vibrios in the water column and several pollution indicators, and of vibrios associated with oysters and the total number of bacteria in oysters. The correlation between vibrios in the water column and water temperature reported by Kaneko and Colwell (8) was not observed in the present study but can be explained by the lack of variation in water temperature ( Table 2 ). The total number of bacteria and the percentage of vibrios in the non-filter-feeding animals examined (two crabs and one fish) were considerably less (Ta- In the present study, V. vulnificus was isolated from water, sediment, plankton, and animal samples obtained from widespread geographical regions of the East Coast of the United States (Table 4 ). The isolation of sucrose-negative, lactose-fermenting vibrios correlated with several parameters ( (Table 5) . Numerical taxonomic analysis of the 95 sucrose-negative, lactose-positive isolates resulted in five major clusters (Fig. 1) comprising 70 of the 95 strains.
Cluster I, unusual in containing H2S-, urease-, and luminescence-positive strains, were < 70o similar to all of the 23 reference strains included in the analysis and were unlike any described Vibrio spp. However, when several strains from clusters Ila and IIb from our previous study (18) of ONPG-hydrolyzing marine vibrios were included in the taxonomic analysis, a high similarity (80 to 100%) to these strains was observed.
Clusters Ila and IIb of that study also consisted of strains that were luminescent and H2S positive, with some urease producers. Lethality for mice was also similar for the two groupings (16.7% for cluster I of the present study and 22% of the clusters Ila and Ilb of the previous study). As previously concluded (18) , these isolates appear to represent a new taxonomic group of vibrios.
Like cluster I strains, all members of cluster II were H2S positive. They differed from cluster I, however, in their gelatin, decarboxylase, salt tolerance, and growth temperature responses ( Table 6 ). None of the cluster II members was luminescent. Also like cluster I, none of the reference strains appeared in this cluster, nor were its members similar to published descriptions of Vibrio spp. When taxonomic data from strains described as clusters hIa and lIb in a previous study (18) (18) . Cluster III could be easily differentiated from the other four clusters obtained in the present study (Table 6 ) and was nearly identical phenotypically to the 38 clinical strains of V. vulnificus described by Holfis et al. (6) , several of which have been characterized in our laboratory (Table 8) . Tison and Seidler (25) have also demonstrated that V. vulnificus strains isolated from a wide range of estuarine environ- (14) . The reason for this discrepancy is not known. We also found that strains from the Centers for Disease Control (Atlanta, Ga.) are able to grow over a wider range of NaCl concentrations than that reported by Hollis et al (6) , although the determination of this trait is quite subjective. Differences in indole production between the clinical and environmental isolates were also noted, although negative reactions for this test have also been previously reported (15) . Two strains in cluster III failed both to produce indole and to decarboxylate ornithine; thus, they were similar to V. vulnificus biogroup 2 recently described by Tison et al. (24) . These two strains differed from this new biogroup, however, in their ability to grow at 420C. Another aspect of the taxonomic identification of V. vulnificus which deserves mention concerns the time required for lactose fermentation. Hollis et al. (6) (20) and that lactose fermentation is detected only after 1 to 3 days of incubation because of spontaneously arising mutants which are capable of fermenting this sugar. All of our (presumably wild-type) isolates, on the other hand, were capable of producing an acid reaction in phenol red lactose broth within several hours of inoculation (R. Warner, D. Cleland, and J. Oliver, Abstr. Annu. Meet. Am. Soc. Microbiol. 1982, N106, p. 195 ). This finding has not been reconciled with that of Baumann et al. (1) , although the discrepancy might conceivably be due to differences in the medium employed by those authors to determine the ability to ferment lactose.
Cluster IV also contained several H2S-producing strains but could be distinguished from other clusters by the production of urease by its members (Table 6 ). Urease production is highly unusual among vibrios, having been described only for Vibrio damsela (13) , occasional strains of Vibrio parahaemolyticus (16) , and an unnamed vibrio causing infections in flounder (21). However, members of cluster IV differed from V. damsela and V. parahaemolyticus in numerous phenotypic traits, including lactose fermentation, H2S production, lack of gas production in carbohydrate broth, and salicin fermentation, and from the flatfish vibrio in the reactions to sucrose, indole, and starch and in penicillin sensitivity. No similarity to the ONPG-hydrolyzing vibrios studied previously (18) could be demonstrated for cluster IV, and the identity of this group was undetermined. Cluster V also contained H2S-and ureaseproducing members, most of which were luminescent (Table 6 ). Except for our previous study (18) , H2S-producing luminescent bacteria have not been previously described (18, 20) . Members of cluster lIb of that study also contained H2S-and urease-producing strains and were luminescent. In neither study did our isolates cluster with the luminescent reference strains included for comparison. We were not able to identify these isolates as being members of a described Vibrio species, and we suggest that they, along with the luminescent strains of cluster I, represent a new taxonomic group of marine vibrios.
The fact that four of the five taxonomic clusters described here could not be identified is not unusual. Graikoski and Houser (Abstr. Annu. Meet. Am. Soc. Microbiol. 1982, Q69, p. 221) recently reported that ca. 60% of all isolates from marine waters, sediments, and animals could not be identified. One aspect of the present study which has made specific identification difficult was the frequent occurrence of H2S-producing isolates among the 95 lactose-fermenting vibrios. Although strains producing H2S from thiosulfate have been reported for V. cholerae and V. parahaemolyticus (4), this trait has not generally been observed among vibrios (22, 26 ; P. A. West, Ph.D. thesis, University of Kent, Canterbury, England, 1980). The possibility that the H2S trait may be plasmid mediated is currently being investigated in our laboratory. What is especially relevant to the present study is the extent to which these undescribed species were virulent for mice. When even large inocula of the various reference strains were injected intraperitoneally into mice, more than half of the species failed to cause death (Table 9) . Thus, it is evident that the technique employed can differentiate the environmental isolates and reference strains tested in our study regarding virulence for laboratory animals (Tables 7 and 9 ). Although mouse lethality as determined by the method used in this study cannot be equated to human pathogenicity, the lethality studies reported here indicate that numerous lactose-fermenting marine vibrios, in addition to V. vulnificus, are potentially pathogenic for humans. Among these unidentified Vibrio species are a large percentage (28.4%) of H2S producers which were, as a group, quite virulent for mice (Table 7) . Tison and Seidler (25) concluded that environmental isolates of V. vulnificus may be of public health significance. We agree with that conclusion and suggest that although considerably more work is warranted on all aspects of the biology of V. vulnificus, the other taxonomically undefined clusters of lactose-fermenting vibrios described here deserve particular attention as possible public health hazards.
